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Executive Summary
Acoustic sensors provide low-cost, non-line-of-sight, long-range detection, tracking, classification, and identification of targets. On the battlefield, acoustic/seismic sensors are deployed unattended and target information is radioed to a combat information processor, where real-time target positions are displayed on a digitized map of the terrain. The use of battlefield acoustic sensors minimizes the number of personnel engaged, thereby reducing the potential loss of life.
The U.S. Army Research Laboratory (ARL) is an established leader in battlefield acoustics research and development. ARL's new generation of acoustic sensors is easy to operate, is controllable remotely, and can log data onto hard disks. ARL's state-of-the-art acoustic database has been requested by numerous researchers from other government agencies, industry, and academia. The newly developed automatic target recognition laboratory expedites algorithm evaluation by integrating the database and userdeveloped algorithms into one application.
To maintain its position as a leader in battlefield acoustics, ARL needs to continually improve its existing algorithms, sensor hardware, and signature database. Field tests are an important aspect of algorithm and sensor development since they provide real-time opportunities to evaluate and demonstrate new software/hardware capabilities. Field tests also provide opportunities to populate the acoustic database with valuable data. Because the Army is moving toward the development of Future Combat Systems (FCS), battlefield acoustics will play a role in FCS survivability and lethality. Because hardware/software requirements are always changing, field tests will always be an important aspect of ARL's research and development effort.
Introduction
The U.S. Army Research Laboratory (ARL) conducted the Distributed Unattended Networked Sensors (DUNES) field experiment on Spesutie Island at Aberdeen Proving Ground, Maryland, from 20 to 30 September 1999. The main objectives of the field test were to:
• Demonstrate the advances in acoustic technology for real-time detection, tracking, localization, and identification of ground and air targets,
• Demonstrate a communication link through the use of a new radio link,
• Evaluate the new-generation acoustic sensor test bed, and
• Collect signature data at each sensor array to integrate into the acoustic and seismic database.
This report records the field test log, sensor array positions, configurations, and meteorological data of this field experiment.
Test Overview
Eight acoustic and acoustic/seismic arrays were strategically placed along the path to be traveled by the target(s). Four of the targets were classified and are referred to as targets 1, 2, 3, and 4 in this report. The unclassified ground targets were an M1A1, an M60, a T62, a T72 (all heavy tracked vehicles), an MAZ537 (a light tracked vehicle), a ZIL (a light wheeled vehicle), a BMP2 (a tracked carrier), and a BTR80 (a light tracked vehicle). Test runs consisted of single and multiple targets at various speeds and separation distances. Each sensor array transmitted a line of bearing via the radio frequency (rf) link to a gateway. The gateway calculated two-dimensional coordinates of detected targets in real time and transmitted this signature data to the combat information processor (CIP), which displayed the targettracking information in real time on a digitized map of the terrain. Target signatures at each sensor array were logged onto the sensor's hard drive.
Sensor Array Coordinates and Path Descriptions
Figure 1(a) and (b) shows the nine sensor arrays deployed during this field test. Arrays 1 to 8 were placed as shown. Array 9 was used in a stand-alone test where it was placed on an idle M113 to track a moving M60. Ground targets followed either path, as depicted in the figure, with the exception of a few runs where both paths were used. Path 1 is asphalt and path 2 is a gravel/dirt loop. East-400,000 (m) 6,500 6,800 7,100 7,400 7,700 8,000 8,300
North-435,000 (m) Table 2 lists the geometry and numbers of acoustic/seismic sensors for each array used in the field test. Figure 2 (a) to (e) depicts the array configurations. Acoustic sensors used for these arrays were Knowles microphones. A three-axis geophone provided seismic signals from array 4 ( fig. 2 (a)); this was the only array having both acoustic and seismic sensors. Arrays 7, 8, and 9 were experimental arrays used for the first time. Array 7 consisted of two concentric seven-microphone circular arrays as depicted in figure 2(d). Array 8 consisted of three seven-microphone circular arrays in a line, separated by 25 ft, as depicted in figure 2(c). Array 9, shown in figure 2(e), was a five-microphone circular array mounted atop a stationary M113 with its engine on to track a moving M60 tank. Two electrostatic sensors were placed next to array 8 for an independent data collection. (e) 
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Conclusion
The field experiment proved to be a success. The new-generation sensors performed well and will be used to replace the digital audio tape recorders in data acquisition and the outdated Kontron-based sensors in real-time signal processing. Collecting the acoustic/seismic signatures in digital format eliminates the task of downloading data from tapes. This greatly expedites the process of populating the acoustic/seismic database and makes acoustic data more accessible to the acoustic community.
Currently, all ARL's acoustic arrays are stationary and placed on the ground. ARL will experiment with placing an array on a moving/idling vehicle. This will mark the start of the study of platform noise reduction. To support the research and development in this area of acoustics, ARL will need signatures of targets collected by an array on board a vehicle as well as signatures of the platform itself. Future field tests will also provide opportunities to evaluate modifications to the new-generation sensors.
Appendix. Meteorological Data
These tables include meteorological data necessary for properly evaluating the acoustic data gathered by ground sensors during the DUNES experiment. 
